Abstract − The focus of the study is to explore the recent trend of the world tuna fishery with special reference to the Indian Ocean tuna fisheries and its conservation and sustainable management. In the Indian Ocean, tuna catches have increased rapidly from about 179959 t in 1980 to about 832246 t in 1995. They have continued to increase up to 2005; the catch that year was 1201465 t, forming about 26% of the world catch. Since 2006 onwards there has been a decline in the volume of catches and in 2008 the catch was only 913625 t. The Principal species caught in the Indian Ocean are skipjack and yellowfin. Western Indian Ocean contributed 78.2% and eastern Indian Ocean 21.8% of the total tuna production from the Indian Ocean. The Indian Ocean stock is currently overfished and IOTC has made some recommendations for management regulations aimed at sustaining the tuna stock. Fishing operations can cause ecological impacts of different types: by catches, damage of the habitat, mortalities caused by lost or discarded gear, pollution, generation of marine debris, etc. Periodic reassessment of the tuna potential is also required with adequate inputs from exploratory surveys as well as commercial landings and this may prevent any unsustainable trends in the development of the tuna fishing industry in the Indian Ocean.
Introduction
Tunas are widely distributed throughout the world and generally they occur in temperate to tropical waters between about 45° north and south of the equator and are broadly classified into coastal, neritic and oceanic species. They are grouped taxonomically in the family Scrombridae, which consists of about 50 species, and forms the third largest product in the international seafood trade with almost 10% of the total trade in value terms (FAO 2008) . The principal market species of tuna are skipjack (Katsuwonus pelamis), yellowfin (Thunnus albacare), bigeye (T. obesus), albacore (T. alalunga), Northern bluefin (T. thynnus) and Southern bluefin (T. maccoyii). Furthermore, as fisheries give direct employment to about 200 million people (FAO 1993) , and account for 19% of the total human consumption of animal protein (Botsford et al. 1997) , the decline or collapse of these species has the potential to have drastic social and economic consequences in some fisheries dependent regions of the globe. It is surprising that while these ecologically and economically important species continue to decline, large scale patterns of abundance and diversity that are so essential to effective conservation are relatively poorly understood. This is in part explained by the fact that tuna and billfish are highly migratory species usually found many miles offshore, making information-gathering expensive and time-consuming. Consequently, most of the information on these species comes from exploited fisheries data, which may be biased, inaccurate or lacking in quality. The issue is compounded by under-and over reporting of catches by countries reporting to the Food and Agriculture Organization (FAO) of the United Nations, the institution charged with recording global fisheries statistics (Watson and Pauly 2001) . Although knowledge of global distribution patterns of each species of tuna and billfish have rapidly advanced in recent years, through tagging studies (Block et al. 2001) , community-wide patterns of abundance and richness remain poorly understood (Worm et al. 2005) .
Scientific advice on fisheries management is generally based on the results of the application of some stock assessment tunaieez@gmail.com Review techniques (Hilborn and Walters 1992) . Stock assessment usually involves estimating the limits of some form of population dynamics model by fitting it to research and monitoring data and using the results of the fitting process to estimate quantities (such as the current abundance) that are of interest to decision makers (Maunder et al. 2004 ). Temperature and food availability are reported to influence their distribution and abundance. Tuna shows distinct migratory routes, spawning, and feeding locations (Block et al. 2001) . Tunas are fast swimmers and capable of travelling more than 48 km/hr. As a result of increasing demand for tunas for canning, industrial fisheries started during the 1940s and 1950s and the global catch reached 3.5 million tonnes (mt) in 1997 to further increase to 4.3 mt during 2005. Tuna catching nations are mainly concentrated in Asia with Japan, Taiwan, Indonesia and South Korea the principals.
Globally, many tuna stocks are under severe threat. For example, the World Conservation Union (IUCN) lists the western Atlantic Ocean stock of Atlantic Bluefin Tuna T. thynnus and the Southern Bluefin tuna T. macoyii stock as critically endangered and the eastern Atlantic Ocean stock of Atlantic Bluefin tuna, bigeye and albacore as endangered (IUCN 2011) . While demand for high value seafood such as bluefin, skipjack, yellowfin and bigeye tuna continues to grow there is also an increasing awareness in the community generally, and by seafood consumers specifically, of the need for sustainable fisheries and marine ecosystems. Responsibility for ensuring this sustainability falls jointly on those who rely on fisheries for their livelihood, on national and regional management authorities and on consumers. Global demand for fish is exerting more pressure on fish stocks, in addition to climate change induced impacts (Cheung et al. 2009 ).
Large pelagic fish resources are widely distributed throughout the Indian Ocean (Stequert and Marsac 1989) . Tunas and billfish are considered to be highly migratory species, as demonstrated by tagging. Most species of tuna can migrate over long distances (Jones et al. 1999 ), but recent data would suggest that large-scale movements are not always common (Hampton and Gunn 1998) . Tuna catches across the Indian Ocean have fallen sharply in the last two years (2009) (2010) but experts are split over what is threatening the regions $6 billion industry (Pillai 2010) . Conservationists blame the industry for years of unchecked exploitation while processors say climatic conditions may be driving the fish to deeper waters away from their nets (Polacheck 2006) . Overexploitation of bycatch and target species of marine capture fisheries is the most widespread and direct driver of change and loss of global marine biodiversity. Bycatch in purse seine and pelagic longline tuna fisheries, the two primary gear types for catching tunas, is a primary mortality source of some populations of seabirds, sea turtles, marine mammals and sharks (Gilman 2011) .
This paper provides an overview of the fishery, biology, distribution and biological reference points for tuna species in the Indian Ocean. It traces the history of scientific advice and management of tuna, and examines the current status of tuna stocks and new areas for tuna fisheries research and developments. In addition to contributing to ecological sustainability this will, ultimately, give a platform from which tuna fisheries can seek Marine Stewardship Council (MSC) certification and take advantage of the growing consumer awareness and demand for sustainably-produced seafood.
Database
Global tuna catch data were retrieved from the website of Food and Agriculture Organization (http://www.fao.org/ fishery/statistics/tuna-catches/en). Nominal catch data of tuna from Indian Ocean and India were also collected from the Indian Ocean Tuna Commission (http://www.iotc.org/ English/data.php).
Recent Trends in Global Tuna Production
World tuna fisheries are reviewed in terms of commercially important species, by ocean and by major fishing gear types. Tuna and tuna-like species are very important economically and are a significant source of protein food. Their global production has tended to increase continuously from less than 0.6 mt in 1950 to above 4.5 mt in 2008 (FAO 2009) . They are landed in many locations around the world, traded on a nearly global scale and processed and consumed in many locations worldwide. The global tuna production increased significantly from 1962 onwards with minor fluctuations and that pole and line catch also exhibited a similar stabilized production from 1972 onwards. Generally, tuna catches have had an uncertain pattern -flat, or in some cases decreasing. However, between 1997 and 1999 catches increased by about 19% due to an abundance of skipjack, especially in the Pacific Ocean. Between 1995 and 1996, catches stayed relatively steady -between 3.2 and 3.3 mt. In 1997, the catch reached 3.4 mt, and continued to increase through 1999 to 3.9 mt. It slightly decreased to 3.6 mt in 2000. In 2008, catch was recorded at 4.5 mt, which represents 67% of the total catch of all tuna and tuna-like species (Fig. 1) . Most catches of the principal market tuna species in 2008 were caught from the Pacific (70.2%) followed by Indian Ocean which is contributing much more (20.4%) than the Atlantic (8.0%) and the Mediterranean Sea (1.4%) (Fig. 2) .
Species composition
More than 12 species belonging to six genera support tuna fishery in the world. The species composition of tuna catches by different gears indicate that skipjack K. pelamis was the dominant species followed by yellowfin T. albacares, bigeye T. obesus, albacore T. alalunga and remaining other tuna species. The percentage composition of different species indicates that the catch was dominated by skipjack constituting 58% followed by yellowfin 25%, bigeye 10%, albacore 5% and remaining other tunas (Fig. 3) .
Gear wise production
Drift gillnet with mesh size 60-160 mm, hooks and line, purse seine, troll line, long line and pole and line are mainly employed for the exploitation of tuna. The tuna production of different types of fishing fleet under the mechanized sector in 2008 was dominated by purse seine 63%, followed by longline 13%, other gears 12%, pole and line 10% and troll line 2%. Purse seine vessels, which catch primarily skipjack and yellowfin, average about 60-75 cm in length, and can carry 1 to 2 thousand tonnes of frozen tuna in their storage wells, are responsible for about 63% of all tuna captured, with most of this catch destined for the canned tuna market. About 13% of the world production of tuna caught with longlines, which consists of a mainline, kept a float with buoys, from which branch lines are suspended, each with a hook attached to the end. Longline gear is considered a passive fishing gear, but selecting the area and depth at which hooks are set can increase the probability of capturing certain species. Much of the catch of longliners is destined for the higher priced sashimi trade. The Japanese vessels have historically accounted for most of the longline catches, followed by vessels from Taiwan, South Korea and Indonesia. Prior to 1960, most of the world's tuna fleet was comprised of pole and line vessels, which use live bait to attract tuna, which are then caught with hooks and lines attached to the end of a pole. Currently, pole and line fishing account for about 10% of the world production of tuna (IOTC 2010) . It is very important to closely monitor the exploitation of tuna by different gears to avoid over exploitation and over capitalization and thereby to avoid the collapse of the fishery industry.
Status of the Tuna Fishery in Indian Ocean
Tuna fishery in the Indian Ocean is fully developed, with several coastal countries as well as distant water fishing nations participating in the fishery industry. In the Indian Ocean, tuna catches increased rapidly from about 237986 tonnes (t) in 1980 to 654754 t in 1995. They continued to increase up to 2005; the tuna catch in that year was 1318648 t, forming about 26% of the world catch. However, since 2006 onwards there has been a decline in the tuna catch and in 2010 the catch was only 1257908 t (Fig. 4) . The catch of bigeye has also increased to around 150000 t, due to increased targeting of tunas for the sashimi market by longliners and the use of Fish Aggregating Devices (FADs) in surface fishery. Although the catch of yellowfin tuna increased gradually in the past five decades, its relative importance decreased rapidly. Skipjack constituted about 38% of the total catch, yellowfin 26%, kawakawa 10%, bigeye 9%, albacore 3% and blue fin 1% (Fig. 5) . Purse seiners account for about 36% of the total tuna catch followed by gillnetters 31%, long liners 15%, bait boat 10%, pole and line 7% and the remaining by a variety of other gears represents 1%, as shown in Fig. 6 . Western Indian Ocean contributed 78.2% and eastern Indian Ocean 21.8% of the total tuna production from the Indian Ocean.
As many as 67 countries have been involved in tuna fishing in the Indian Ocean; the main tuna catching nations are concentrated in Asia, with Taiwan and Japan the main producers. Other important tuna catching nations are the Philippines, Indonesia, South Korea, Spain and France. In 2008 Indian Ocean tuna production declined to 1148911 t with an estimated landed value of US$ 2.5 billion. The present decline in production of the Indian Ocean tuna fisheries may have serious ecological and socioeconomic consequences. Analysis of landing data clearly indicated that over exploitation of targeted species threatens the sustainability of tuna populations. Though there had been a substantial increase in the production of tunas in the Indian Ocean, the fast pace of development has ignored several patterns which are vital to sustain the tuna production in captured fisheries.
Major tuna stocks in the Indian Ocean
Skipjack Skipjack has become the most important tuna species in the Indian Ocean in terms of catch and is widely distributed throughout the Indian Ocean Fishing Zone, with the majority of the catch being taken in the Western Indian Ocean. It is a highly productive species and resilient to overfishing. Skipjack tuna is mainly caught by purse seine, gillnet and bait boat -using pole and line. Total annual catches averaged 477859 t over the period 2006 to 2010. The 2006 catch peaked at 608738 t while the provisional catch estimate for 2010 stands at 429729 t (Fig. 4) . The preliminary data for the Indian Ocean suggest that the 2010 catch of skipjack (429729 t) may be the lowest reported since 1998. The decline in the catch rates in the Indian Ocean fishery may be due to higher than average sea -surface temperatures and the marked increase in fuel prices (IOTC 2010) .
The development of fishing methods using fish -aggregating devices (FADs) have increased skipjack catches by purse seiners in recent years and 89% of current (2009) purse seine skipjack catch is taken under natural FADs (log schools). The proportion of catches taken by industrial purse seiners was (36%) in 2010, which was 42% in 2006, while the proportion of catches taken by gillnets in the artisanal fisheries has increased (30-34%). The mean weight from log school tuna has varied between 2.1 and 3.0 kg since the 1990s, (average 2.6 kg), decreased largely in 2007 and 2008 (2 kg) before increasing to 2.4 kg in 2009, which remains less than the average since 1991. For free schools, the mean weight fluctuated between 3-4 kg (mean 3.2 kg) until 2007, and then dropped markedly to 2.4 kg in 2009, the lowest value ever observed. Table 1 provides a summary of the assessment results of the Indian Ocean tuna stocks. There was a continuous increase in skipjack catches from the mid 1980s until 2006, which has been credited with the expansion of FADassociated fishery in the western Indian Ocean (IOTC 2010). Catch per unit effort on free schools of skipjack tuna is relatively low and remained stable over time, around 2.5t/ sd since 1991. On the other hand, catch rates on log schools increased steadily up to 2002, fluctuated over the period 2003-2006 and then dropped markedly in 2007-2008 . Catch by positive set remains in the historical range (19t/set since 1991); this is also the case for log schools (21.9t/set compared to an average of 25.0t/set since 1991), while free schools catch by set remains low (6.0t/set compared to an average of 8.7t/set since 1991). The high productivity and life history characteristic of skipjack tuna suggest this species is Mean weight (for all yellowfin tuna caught by purse seiners) fluctuated between 10-20 kg until 1996, and since then it has been between 6-15 kg. Mean weight has remained stable for log caught yellowfin (4-10 kg), with relatively lower levels (4-6 kg) since 1996. Mean weight fluctuates more widely for free school yellowfin (15-32 kg), but it has been relatively stable at high levels since 2002 (35-40 kg) . Size distribution in 2009 was compared with those observed in the previous periods 2004-2008 and 2006-2008 (the latter being chosen to correct the impact of the large free schools of yellowfin catches in [2003] [2004] [2005] . Log schools catch shows a large number of small yellowfin (less than 80 cm), including a second mode shifted towards the larger sizes compared with the previous reference periods, as well in number and in weight. Free school catches also exhibit a very large number of small yellowfin (three times that of the previous period) with two modes, the second one being also largely shifted towards the larger fishes; on the other hand, the amount of large fishes (over 100 cm) is lower than that of these reference periods with somewhat bigger fishes (IOTC 2010) .
Estimates of total and spawning stock (adult) biomass continue to decline (IOTC 2009) , probably accelerated by the high catches of [2003] [2004] [2005] [2006] . It appears that overfishing occurred in recent years, and the effect on the standing stock is still noticeable as biomass appears to be decreasing despite catches returning to pre -2003 levels. The MSY has been estimated to be 300,000 t, if the steepness of the stock recruitment relationship is assumed to be 0.8. The preliminary estimate of the 2008 catch (322000 t) is above the current estimate of MSY while annual catches over the period [2003] [2004] [2005] [2006] (averaging 464, 000 t) were sustainably higher than all estimated values of MSY. The current estimate of MSY is 300000 t, lower than the average catches sustained over the 1992-2002 period of around 343000 t. The high catches of the 2003-2006 periods appear to have accelerated the decline of biomass in the stock, which might be currently unable to sustain the 1992-2002 level catches. The stock of yellowfin tuna has recently become overexploited or is very close to being overexploited. Management measures should be continued that allow an appropriate control of fishing pressure to be implemented. It is recommended that annual catches of yellowfin tuna should not exceed the estimated MSY of 300000 t and close monitoring and data collection is being strengthened over the coming year in order to know more about the stock situation (IOTC 2011; Majkowski 2005) . If recruitment continues to be lower than average, catches below 300000 t would be needed to maintain stock levels.
A total of 54687 yellowfin were tagged and released mainly off the coast of Tanzania but also in the Arabian Sea, around Seychelles and in the Mozambique Channel. So far 9739 fish (17.8%) have been recovered and reported, 93% of them by the European and Seychelles purse seine fleets. Recoveries are well spread in the Indian Ocean and seem to indicate a good mixing of the tagged population with the wild population, and this confirms the one stock hypothesis in the Indian Ocean (IOTC 2010).
Bigeye tuna
In contrast with yellowfin and skipjack tunas, for which the major catches take place in the western Indian Ocean, bigeye tuna is also exploited in the eastern Indian Ocean. Their fishing grounds were located from latitude 15°N to 6°S and longitude 78° to 96°E, in the eastern Indian Ocean. Bigeye tuna is mainly caught by industrial purse seine and longline fisheries and appears only occasionally in the catches of other fisheries. However, in recent years the amounts of bigeye tuna caught by gillnet fisheries are likely to be considerably higher due to the major changes experienced in some of these fleets, notably changes in boat size, fishing techniques and fishing grounds. Total annual catches have increased steadily since the start of fishery, reaching the 100,000 t level in 1993 and peaking at 151700 t in 1999. They averaged 108245 t over the period 2006 to 2010. The 2008 catch was 107975 t and the provisional 2010 catch stands at 80887 t. In recent years the catches of bigeye tuna in the western Indian Ocean have dropped considerably, especially in areas off Somalia, Kenya and Tanzania, in particular in 2008 and especially in 2009. The drop in catches is the consequence of a drop in fishing efforts in both purse seine and longline fisheries, due to the effect of piracy in the western Indian Ocean region, while catches are increasing in the eastern Indian Ocean probably due to the shift of some longline fleet in the areas because of piracy activities in the Somalia area.
Around 75% of purse seine bigeye catches are taken in the log-schools along with skipjack and yellowfin tuna, 80% of them being less than 5 kg. Catches increased since the beginning of fishery, peaked at over 30000 t from 1997 to 1999 and then stabilized at around 22000 t. During the previous years, an increase in the catches is observed peaking in 2008 and 2009 at 26500 t. However, bigeye catches remains relatively low, representing some 8% of the total catch since 1991 (9% on logs and 5% on free schools).The mean weight of bigeye tuna in the purse-seine fishery reflects mainly the log school catches, and remains very stable at around 6 kg. By contrast, free schools set exhibit large variations, remaining high (over 30 kg) between 2002 and 2008, and dropping to 17 kg in 2009. It was noted that this could be due to sampling procedures, and/or from highly variable proportions of small and large bigeye in the catch, and so results should be interpreted with some caution. Size distribution in 2009 was compared with those observed in the previous periods 2004-2008 and 2006-2008 (the latter being chosen to correct the impact of the large free schools of yellowfin catches in [2003] [2004] [2005] . Log schools shows a large number of small bigeye (less than 65 cm) in the catches (in number as well as in weight), much higher than during the previous periods. Small bigeye free schools catches were also important and higher than previously in numbers, the larger ones (over 100 cm) remaining in the same range; in weight, the pattern is close to the average situations, with a somewhat larger catch of small bigeye.
The results of the stock assessments conducted in 2009 were broadly similar to previous work. The preliminary estimate of catches in 2009 (107000 t) and catch dropped in 2010 (80887 t) it is below the current estimate of MSY from 103000 to 114000 t catches. Estimated values of fishing mortality and SSB for 2008 are also close to MSY -related values, indicating a fully exploited stock. A total of 34565 Bigeye tuna were tagged and released, most of them being released off the coast of Tanzania. So far 5461 fish (15.8%) have been recovered and reported, most of them by the European and Seychelles purse seine fleets. Moreover, in 2010 a bigeye was recovered in the ICCAT area, off the coast of Namibia (Herrera and Pierre 2010) .
Albacore tuna
Albacore (T. alalunga) is a temperate tuna living mainly in the mid oceanic gyres of the Pacific, Indian and Atlantic Oceans. Indian Ocean albacore is distributed from 5°N to 40°S. Albacore is a highly migratory species and individuals swim large distances during their life time. The maximum age reported for Indian Ocean albacore stock in the Indian Ocean is eight years. However, this may be an underestimate as albacore have been reported to live to at least 10 years in the Pacific Ocean (IOTC 2010). The catches increased markedly during the 1990's due to the use of drift gillnets, with total catches reaching around 30,000t. Total annual catches averaged 39,766 t over the period 2006 to 2010, and total catches peaked at 2008 (44410 t) and the provisional 2010 catch stands at 42950 t; the lowest catch was observed in 2006 at 29873 t and catches in 2009 were 38718 t, which is the lowest catch. The catches of albacore by longliners from the South Korea, recorded since 1965, have never been above 10000 t. Important albacore catches of around 3000 t to 5, 900t have been recorded in recent years for a fleet of fresh tuna longliners operating in Indonesia. Large sized (131 cm) albacore are also taken seasonally in certain areas, most often free swimming schools, by the purse seine fishery. However, the available stock status information indicates that the condition of the stock is not likely to change markedly over the next two to three years and if the price of albacore tuna remains low compared to other tuna species no immediate management action should be required on the part of the IOTC. The stock is in an overshed state as spawning biomass is below the B MSY level (B current /B MSY = 0.89; Range: 0.65-1.12). The median estimate of MSY is estimated to be 29900 tonnes (range: 21500 to 33100 t). It is concluded that the available evidence indicates considerable risk to the stock status at current effort levels.
Kawakawa

Kawakawa (Euthynnus affinis) live in open waters close
to the shoreline and prefers water temperature ranging from 18 to 29°C. Kawakawa form schools by size with other species sometimes containing over 5000 individuals. Kawakawa are often found with yellowfin, skipjack and frigate tunas. Kawakawa are typically found in surface waters, however, they may live in a range of depths of over 400 m, possibly to feed. On the Natal coast in South Africa, sexual maturity is attained at 45-50 cm and spawning occurs mostly during summer. A 1.4 kg female (48 cm FL) may spawn approximately 0.21 million eggs per batch. Kawakawa is caught mainly by gillnets and purse seiners and may be an important bycatch of the industrial purse seiners. A high percentage of the kawakawa captured by Thai purse seiners in the Andaman Sea comprised of fish of 8 to 42 cm long. Annual estimates of catch of Kawakawa increased markedly from around 10,000 t in the late 1970's to reach the 50,000 t mark in the mid -1980's. Since 1997, catches have been around 100000 t. The average annual catch estimated for the period 2006 to 2010 is 125639 t. In recent years, the countries attributed with the highest catches are India, Indonesia and Iran. No quantitative stock assessment is currently available for Kawakawa in the Indian Ocean, therefore the stock status is uncertain, and the scientific committee notes the catches have been relatively stable for the past 10 years (IOTC 2009).
Bullet tuna
Bullet tuna (Auxis rochei) is a neritic tuna species found in the equatorial areas of the major oceans. It is highly migratory species with a strong schooling behavior. Adults are principally caught in coastal waters and around islands that have oceanic salinities. Adults can grow to 50 cm fork length. The fisheries in the Indian Ocean mainly catch Bullet tuna ranging between 15 and 25 cm. Bullet tuna mature at around two years old -about 35 cm (FL). It is a multiple spawner with fecundity ranging between 31000 and 103000 eggs per spawning (according to the size of the fish). Bullet tuna is caught mainly by gillnets and line across the broader Indian Ocean area and this species is also an important catch for artisanal purse seiners. Estimated catches of Bullet tuna were around 1,000 t in the early 1990's and peaked at 2498 t in 2007. The average annual catch estimated for the period 2005-2010 is 2361 t. In recent years, the countries attributed with the highest catches of Bullet tuna are India, Indonesia and Sri Lanka. There is only a little information available on the stock structure of Bullet tuna in the Indian Ocean; therefore the stock status is uncertain.
Frigate tuna
Frigate tuna (A. thazard) is a highly migratory species found in both coastal and oceanic waters. It is highly gregarious and often schools with other Scombrids. In other oceans, Frigate tuna grows to around 65 cm fork length but the largest size reported for the Indian Ocean is 58 cm (off Sri Lanka). Size at first maturity is between 29 cm and 35 cm fork length depending on location. In the southern Indian Ocean the spawning season extends from August to April whereas north of the equator it is from January to April. Fecundity ranges between 200000 and 1.6 million eggs per spawning (depending on size). Frigate tuna feeds on small fish, squids and planktonic crustaceans (decopods and stomatopods). Because of their high abundance, Frigate tuna are considered to be an important prey for a range of species, especially the commercial tunas.
Frigate tuna is taken from across the Indian Ocean area using gillnets, bait boats and lines. This species is also an important catch for industrial purse seiners. Estimated catches have increased steadily since the late 1970's, reaching around 12312 t in the early 1985's and over 30000 t by the mid -1996. The average annual catch estimated for the period 2005 to 2010 is 24777 t. In recent years, the countries attributed with the highest catches are India, Indonesia, Maldives and Iran and Sri Lanka. The size of Frigate tunas taken by the Indian Ocean fisheries typically ranges between 25 and 40 cm depending on the type of gear used, season and location.
Gear wise species composition
Chiefly the drift gillnet with mesh size 60 to 160 mm, hooks and lines, purse seine, long line and pole and line are employed for the exploitation of tuna along the Indian Ocean. The use of new fishing technologies such as FADs by purse seiners and super-cold storage by some longline vessels have increased the scope of exploitation and the rate and magnitude of declines (Lee et al. 2005; Okamoto et al. 2004 ). Purse seine is commonly an industrial scale fishery used to catch tuna destined for canneries, the tuna landings by purse seine stabilized around 241754 t to 352309 t during 1990-1995 respectively and then continually increased to 431312 t in 2010. Longline is a less fuel intensive and more selective method of fishing, this method of fishing may be carried out on a large, industrial scale or on a small, artisanal scale Table 2 ). The average tuna production by different types of fishing fleet under the mechanized sector indicate that during 2006-2010, the purse seiners account for about 36% of the catch, gillnet 31%, long line 15%, bait boat 10%, pole and line 7% and the remaining by a variety of other gears 1% in Fig. 6 .
The composition and extent of bycatch taken in fisheries targeting tuna varies by gear and by area. However nonreporting and under-reporting of bycatch are characteristic of all gear types and, consequently, it is difficult to provide accurate estimates of bycatch. Estimates of bycatch in tuna fisheries tend to be adhoc and relate to studies of specific fisheries, species or types of bycatch (e.g., seabirds) rather than provide a comprehensive picture of the nature and extent of bycatch. However, it is possible to draw some general conclusions from the literature about the nature of bycatch in longline fisheries for tuna (Kelleher 2005; Bromhead et al. 2003; Romanov 2002 ).
Food and Feeding Habits of Indian Ocean Tuna
Catches of tunas and billshes by longline and surface tuna sheries have dramatically increased during the last two decades in the Indian Ocean (FAO 2008), whereas our knowledge on the biological aspects and the predator-prey interactions in this ocean is still limited. Many workers have investigated the diet composition of large pelagic fishes such as tunas and related species, due to their commercial value. Most of these studies took place in the Pacific and Atlantic Oceans (Stillwell and Kohler, 1985; HernandezGarcia, 1995; Bertrand et al. 2002) .Very few studies have investigated the diet of large pelagic fish predators in the Indian Ocean. Watanabe (1960) has analyzed the food composition of 35 bigeye tunas and 91 yellowfin tunas caught in the Eastern Indian Ocean during the 1956-1957 period. Other studies have analyzed the main prey groups eaten by yellowfin tuna and skipjack tuna in the Seychelles and in the Mozambique area (Roger 1994), and around India (Maldeniya 1996) . A total of 4181 stomachs of yellowfin tuna (22-164 cm FL), mainly caught by gillnets in the period from July 1984 to June 1986 were analyzed by Maldeniya (1996) in Sri Lankan waters. The diet of yellowfin tuna around Sri Lanka comprised a variety of macro zooplanktonic and nektonic organisms. Potier et al. (2004) investigated the feeding partitioning among yellowfin and Table 2 . Tuna production (in tonnes) by different gears operated by the mechanized sector in Indian Ocean during 1950 -2010 Gears 1950 1955 1960 1965 1970 1975 1980 1990 bigeye tunas in the Western Indian Ocean using preliminary data from longline and purse seine caught sh. In the present study we created a detail database on prey position of the diets of tuna and tuna like species in the Indian Ocean. Copepod nauplii, calanoids, cyclopoids and cladocerans (all Crustacea) were the main prey of the larvae of southern bluefin Thunnus maccoyii and albacore tuna T. alalunga in the eastern Indian Ocean, although the importance of each prey type differed between the two species (Young and Davis 1990) . Stomach contents of yellowfin and skipjack tuna caught by trolling and purse seining in the tropical western Indian Ocean, together with those of the prey-fish found in their stomachs, have been analyzed (Roger 1994). These tunas are thus considered day time-feeders. Purseseine-caught tunas, which belong to large schools, have a much higher number of prey-fish in their stomachs than tunas caught by trolling on small schools. Similarly, preyfish from purse-seine tunas have a much higher number of planktonic prey in their stomachs than those from trollcaught tunas. Therefore, these tunas adopt a wandering strategy in small schools when food resources are scarce and form large schools when they are abundant (Roger 1994). Poiter et al. (2007) studied food and feeding habits of yellowfin tuna in the Western equatorial Indian Ocean. Fortytwo families and 4791 prey items were counted in the stomachs of the 111 yellown tunas sampled. On average 43.2% prey were found per stomach, among these Crustaceans contributed (71%), Crab larvae (megalopa stage) dominated in the yellowfin diet 25% and followed by Charybdis smithi (7.7%). In Sri Lankan waters Dissanayake et al. 2008 studied the food and feeding habits of yellowfin tuna, on average 33 prey items were found per stomach and dominant prey items were crustaceans, especially swimming crab, C. smithi followed by fishes belonging to family Sphyraenidae and Engraulididae. (Rohit and Rammohan 2009 ) It was reported of the 110 stomachs analyzed for food and feeding studies, 14.7% were found to be empty, 33.3%, one-fourth full, 24.5% half full, 6.9% three-fourth full and 20.6% full. Gut contents mainly consisted of crustaceans (42.5%), fishes (34.7%), and cephalopods (15.5%). Fully digested matter comprised 7.3% of the food analyzed. Many of the stomachs, though found empty, had squid beaks in the stomach.
Only limited studies were undertaken on quantitative investigations of the feeding ecology of the longtail tuna. The feeding ecology of longtail tuna was studied in northern and eastern Australia (Griffiths et al. 2007) , and reported that the longtail tuna as an opportunistic predator feeding on small pelagic fishes, cephalopods and crustaceans and also indicated variation in diversity and composition of the diet over space and time and with size of the fish. Examination of guts indicated that the species is non-selective in feeding habit and feeds on teleost fishes (82%), crustaceans (4.6%) and molluscs (13.4%). Sardines (Sardinella sp.), anchovies (Thryssa sp.), scads (Decapterus sp. and Selar sp.), ribbonfishes (Trichiurus sp.), flying fish, hemiramphids, small tuna (A. rochei), threadfin breams and small perches (Lethrinus sp.) dominate the fish components of their gut .
The food and feeding habits of S. orientalis based on the data covering the period 2006-10 was observed in Indian waters ). Even though stomachs in different states of fullness were observed, 60% of the stomachs were empty. Qualitative analysis showed that the food comprised mainly of fishes, crustaceans (crabs and prawns) and cephalopods (squids). Out of the stomachs with food, 75% were with fish, 20% with crustaceans and the rest with cephalopods. Among fishes, Selar sp., Decapterus sp., Auxis sp., Sardinella sp., Stolephorus sp., and Platycephalus sp. were noticed ).
An annual variation in feeding with high feeding intensity in alternate years was observed for A. thazard . Fishes possessing empty stomachs were encountered frequently in all the months for all the years. The average contribution of fishes with empty stomach was 74%. The food items in the diet of A. thazard were classified broadly into three major groups: crustaceans, cephalopods and finfishes. Crustaceans comprised mainly non-penaeid prawn, Acetes spp. and crabs. The squid, Loligo duvaucelli dominated among cephalopods. Sardines, anchovies, mackerels, scads and tuna juveniles were dominant among finfishes. The feeding intensity was more in the months of March, April, June and December.
The diet, food consumption, and ration of mackerel tuna (E. affinis) were studied in Australian neritic waters (Griffiths et al. 2009 ). Overall, 43 prey taxa were identified from 271 stomachs. The diet was primarily pelagic clupeoids (78% by wetweight; 71% by frequency of occurrence (FO) and demersal fish (19% WW; 32% FO). Small tuna seemed to target small pelagic crustaceans and teleosts, and medium and large tuna to consume larger pelagic and demersal teleosts. Prey consumption increased with tuna size from 26.42 to 108.03 g d -1 for small and large tuna, respectively. Diet studies are becoming increasingly important in informing ecosystem models, and this study confirmed the need for sampling regimes to capture temporal and size-related variation in diet composition, to maximize the utility of data for use in such models (Griffiths et al. 2009 ). Table 3 shows Length -Weight Relationship of tuna caught from the Indian Ocean. In the oceanic fishery results of length -weight relationship of yellowfin tuna available with respect to the stock occurring in different sectors of the Indian Ocean (Morita 1973; Pillai et al. 1993; John 1995; Dissanayake et al. 2008; Ghosh et al. 2012) . The length frequency distribution of yellowfin tuna ranged from 30-150 cm in the north western and north eastern coastal waters of Sri Lanka. The length classes of 102.5-117.5 cm were observed peaks from January to April and those of 92.5 cm and 97.5 cm peaks from October to December (Dissanayake et al. 2008) . The length and weight relationship was calculated for bullet tuna with W equal to 0.0542 L 2.68 in Turkish waters (Kahraman et al. 2011 ).
Length -Weight Relationship of Tuna
Growth and mortality parameters
The reproductive characteristics of a stock along with those of growth and mortality are among the most important factors in determining the regenerative ability of a population (Quinn and Dersio 1999) . Numerous studies have been conducted on the age and growth of tunas in the Indian Ocean. Table 4 shows estimated growth parameters of tuna species. The fork length of T. albacares during the study period ranged from 30-190 cm with mode at 130 cm (Rohit and Rammohan 2009) . Growth parameters, L ∞ and K of T. albacares were estimated to be 149.6 cm and 0.75/year. The natural mortality rate M was estimated to be 0.96/year, the total mortality rate Z 4.7/year, the average fishing mortality F 1.41/year and the exploitation rate U 0.539 was observed in Chennai coast by Kasim and Mohan (2009) . Marcille and Stequert, (1976) analyzed length frequency data of skipjack caught from the Indian Ocean, He noticed that L ∞ = 60.6 cm and K = 0.93/year. Sivasubramanium (1985) reported L ∞ = 77 cm and K = 0.52/year in Sri Lankan waters. Koya et al. (2012) studied the fishery and population dynamics of skipjack tuna, during the period 2006-2010 in Indian waters. Koya et al. (2012) , studied the population dynamics of skipjack tuna, and observed the length-weight relationship was W = 0.0109 L 3.147 . The von Bertalanffy growth factors (VBGF) were L ∞ = 92.0 cm, K = 0.50 yr-1 and to = -0.0012. Estimate of total mortality (Z) was 1.41/ year, natural mortality (M) 0.557/year, fishing mortality (F) 0.853/year and exploitation rate (E) 0.605.
Chang et al. 1993 studied age and growth parameters of Indian Ocean albacore tuna from Taiwan waters, and L ∞ and K deemed to be 171.4 cm and 0.118/year, respectively. The natural morality rate M was estimated to be 0.24, total mortality Z (0.57/year), fishing mortality F (0.33/year). The age and growth of bigeye tuna (T. obesus) from the Western Indian Ocean were investigated using otoliths and first dorsal spines by Stéquert and Conand (2004) . The von Bertalanffy growth curve is FL = 168.99 (1-e-0.000879 (t+123.38) ), where FL in cm and t in days were used. The results obtained with spines and otoliths are comparable until 3 years old, but spines are not suitable for larger fish (Stéquert and Conand 2004). Farley et al. (2006) provided information on the age and growth of bigeye tuna in the eastern and western Australian Fishing Zone based on otoliths. Preliminary results suggest that growth rates vary between areas, and bigeye in the western Pacific Ocean grew faster than bigeye in the eastern Indian Ocean.
The fishery, population characteristics and stock estimates of frigate tuna from Indian waters were studied during 2006-2010 by Ghosh et al. (2012) . Length at first maturity was estimated as 29.7 cm and fecundity was observed as 807986 kg/body weight. The von Bertalanffy growth equation derived was; Lt = 57.95 [1-e -1.2(t+0. 0075) ]. The growth parameters, L ∞ and K, were estimated at 57.95 cm and 1.2/year. Growth performance index was 3.605, t 0 -0.0075 and the length at first capture was 32.83 cm. The natural mortality, fishing mortality and total mortality were 1.65, 3.24 and 4.89/year respectively and with an exploitation ratio 0.66. E max estimated was 0.778, which is higher than the present exploitation, indicating scope for further exploitation. James et al. (1992) studied population characteristics and stock status of bullet tuna in Indian waters. The growth parameters, L ∞ and K, were estimated at 37.00 cm and 0.638/ year. The natural morality rate M was estimated 1.024/year, total mortality Z (2.739/year), fishing mortality F (1.7147/ , t 0 = -0.12 and other important population values and ratios like L opt , Lm/L ∞ and Lopt/L ∞ were estimated at 75.8 cm, 0.04217, and 0.463 respectively. Natural mortality (M) was 0.527/year, total mortality (Z) 1.06/year and fishing mortality (F) 0.49/year and exploitation ratio (U) 0.3021 respectively, the value of M/K ratio was obtained 1.333.
Fishery and population characteristics of the bullet tuna (A. rochei) along the South Kerala Coast were reported by Gopakumar and Ajithkumar (1993) . Kahraman et al. (2011) and age and growth parameters of bullet tuna were identified (A. rochei) in Turkish waters. The growth parameters based on standard von bertalanffy growth function are the following: for males, L ∞ (asymptotic length) is equal to 60.417 cm; K (growth coefficient) is equal to 0.159; t 0 (age at zero length) is equal to 4.311; for females, L ∞ is equal to 49.238 cm; K is equal to 0.312; t 0 is equal to 3.011; for both sexes, L ∞ is equal to 57.388 cm; K is equal to 0.181and t 0 is equal to 4.155, respectively.
Reproductive Biology of Tunas
Knowledge on the reproductive strategy of tuna and tuna like species is important for a comprehensive understanding of the population dynamics and for predicting the effect of fishing on the reproductive potential of a stock, which is essential for taking effective management decisions and for the sustainability of the resource. (Scheafer 2001; Murua and Motos 2006) . Tunas are predominately dioecious, and there appears to be no sexual dimorphism in external morphological characters. Tunas are oviparous, have asynchronous oocyte development, and are considered to be multiple or batch spawners, shedding their gametes directly into the sea, where egg fertilization occurs (de Vlaming 1983) . In recent years accurate interpretation and classification of reproductive conditions and estimates of spawning potential for tunas have largely been the result of utilizing histological techniques and appropriate classification criteria (Schaefer 1998) . For this propose, the use of accurate techniques is necessary to avoid biases as the estimation of these parameters (sex ratio, size at first maturity, spawning season, annual fecundity, etc.) improves the ability to manage the stock (Nootmorn et al. 2005) . Table 5 shows length at 50% maturity and fecundity of tuna species caught from India Ocean. Besides the description of different oocytes developmental stages, some preliminary results that could be compared with previous studies have been obtained. Zudaire et al. (2010) studied the reproductive biology of the yellowfin of the western Indian Ocean. The sex ratio of yellowfin was 1:0.9 (F:M), and varied from 1:0.2 to 1:3. Nevertheless, the proportion of males was significantly dominant among large size fishes (>135 cm) where the female proportion disappeared over 155 cm fork length. This pattern has been described for yellowfin in different oceans (Fonteneau 2002 ) and similar percentages were obtained for other tuna species (Sun et al. 2005; Marsac et al. 2006 ). Size at first maturity was estimated at 77.8 cm, mean batch fecundity of 2.5 million oocytes and the mean relative batch fecundity of 61.9 oocytes per gram of body weight was calculated by Zudaire et al. (2010) . Farley et al. (2003) reported the sex ratio of bigeye from longliner that found the proportion of males to be more than females (1.24:1) in the Coral Sea, while the sex ratio in other areas in western Australia, southern Indonesia waters revealed the proportion to be about 1:1. Maturity stage of female and male bigeye tuna was classified 1-5 stage and 2-5 stage, respectively. Mean GSI of female varied from 1.37 to 4.28 and males ranged from 0.60 to 2.089 (Nootmorn 2004) . Kume (1962) reported size at first maturity as 92 cm in the Indian Ocean. Solovieff (1970) reported the spawning season of bigeye tuna in Indian Ocean to be pronounced during January to March. Spawning Season of female and male yellowfin occurred between November and April in the eastern Indian Ocean (Nootmorn et al. 2005) . Average monthly sex ratio was 1:0.4 and it was observed that sex ratio was equal 1:1 during spawning season. The size at first maturity of female and male was reported to be 109.69 cm (25 kg) and 104.95 cm (22 kg) respectively. Said Koya et al. (2012) conducted studies during the period 2006-2010 on the fishery and population dynamics of skipjack tuna. Exploited size of the species ranged from 12 to 88 cm fork length (FL). Size at first maturity of the species was estimated at 44-45 cm. Skipjack tuna are a very fast growing species, maturing at 2 to 3 years old (40 cm in length); maturity at (50%) age 1-2 years with size 41-43 cm FL in the Indian Ocean (IOTC 2010) . The species mature and spawn round the whole year with the peak during December-March. Fecundity was estimated at 300718 per kg body weight. Recruitment to fishery takes place during most part of the year with the peak during May-November (Said Koya et al. 2012) .
Gonad development and maturation
Albacore mature when they reach about 90 cm length and 4-5 years old. Spawning normally occurs between January and July (IOTC 2010). Sivadas et al. (2012) studied fishery and stock of striped bonito from the Indian coast. Immature and maturing fishes were observed in all months except from May to July. Mature fishes occurred in most of the months and were dominant in June and July. Spent fishes were also observed in almost all the months. The size at maturity was 42 cm. Kahraman et al. (2010) observed some reproductive properties of bullet tuna (A. rochei) in Turkish waters. The sex ratio was 1:1.04, the most intensive spawning period was observed between June and August.
Spawning behaviour
Spawning patterns within tripe are diverse and complex. There are three types of spawning patterns exhibited by tunas: (1) confluent throughout tropical and subtropical regions (skipjack, yellowfin and bigeye), (2) regionally confined and protracted (frigate, bullet, longtail and bluefin tunas). Common to all these species with in tribe is the relationship between spawning activity and sea surface temperatures in excess of about 24°C, because of their mode of reproduction, repetitive broadcast spaweners, and tunas must have very high lifetime fecundities to be successful (Schaefer 2001) .
Yellowfin tuna is an important component of tuna fisheries worldwide and the major target species for tuna fishery in the Indian Ocean. Moreover, the area between 0° north and 10° south has been identified as the most active spawning ground and January, February and June have been the spawning months ) when the most developed ovaries were found corresponding to the highest GSI values (over 1.5 GSI value). In the Indian Ocean, the spawning seems to occur mainly in the equatorial area (0-10°S) from December to March, with the main spawning grounds west of 75°E (IOTC 2003) . There are works that extend this period to between January to June (Zhu et al. 2008) and Stequert (2001) described two reproductive seasons related to the north monsoon (main spawning period) and south monsoon (less reproductive activity). Secondary spawning grounds exist off Sri Lanka and the Mozambique Channel and in the eastern Indian Ocean off Australia. Developmental stages of oocyte maturation and degenerative stages of postovulatory follicles in yellowfin tuna from the eastern Australian Fishing Zone of the Coral Sea are described by McPherson (1991) . The time of spawning of yellowfin appeared to be during the late evening and early morning. Final oocyte maturation occurred in less than 24 h; postovulatory follicles could not be identified in ovaries after 24 h. The spawning stock of yellowfin in the north-western and centralwestern Coral Sea could be the major source of recruits for the tuna fisheries off the eastern coast of Australia (McPherson 1991) . Previous studies have shown that yellowfin tuna caught by purse seine and handline have higher gonadosomatic indices than yellowfin caught by longline (Koido and Suzuki 1989) .
Most of the skipjack tuna taken by fisheries in the Indian Ocean have already reproduced (IOTC 2011) because of their high fecundity and they spawn opportunistically throughout the year in the whole inter-equatorial Indian Ocean (north of 20°S, with surface temperature greater than 24°C) when conditions are favorable; typically they inhabit waters with temperatures of 15-30°C (IOTC 2010). The range of the bigeye tuna stock (as indicated by the distribution of catches) includes tropical areas, where reproduction occurs, and temperate waters which are believed to be feeding grounds. Spawning season extended from December to January and also in June in the eastern Indian Ocean (IOTC 2011). Nootmorn (2004) provided information on the reproductive biology of bigeye tuna in the eastern Indian Ocean. Samples were collected from longliners at Phuket, Thailand from January 2000 to August 2003, and suggested spawning activity from December to January and June in Indian Ocean (Solovieff 1970) . The size at 50% maturity for females and males was estimated at 88.08 and 86.85 cm FL respectively. Sex ratios varied between monthly samples and by length class, which indicated small-size bigeye tuna (85-115 cm FL) comprised more females, while large bigeye tuna (125.00-155.00 cm FL) comprised more males (Nootmorn 2004) . Little is known about the reproductive biology of albacore in the Indian Ocean but it appears, based on biological studies and on fishery data, that the main spawning grounds are located east of Madagascar between 15° and 25°S during the 4th and 1st quarters of each year. Like other tunas, adult albacore spawn in warm waters (SST>25°C).
Spawning habits of southern bluefin tuna (SBT) were better represented in the shallow catches than in deep water catches in their spawning ground in the Indian Ocean south of Bali (Davis and Farely 2001) . There is a systematic change in depth distribution with size over the whole size range of southern bluefin tuna caught in the spawning ground. Conversely, non spawning fish were better represented in the deep catches than shallow catches. Surface water temperatures in the spawning ground usually exceed 24°C (Yukinawa and Miyabe 1984; Yukinawa 1987) . These warm surface waters may be necessary for the survival of their eggs and larvae, but adult SBT normally feed in colder water (often as low as 5°C [Olson 1980] ). Temperatures of 10°-15°C preferred by bigeye tuna (Mohri et al. 1997 ) may offer more favorable conditions for non spawning SBT and explain their string association with high bigeye index indices in the spawning ground.
Spawning frequency and fecundity
Spawning of yellowfin commenced in the north-western Coral Sea by October and had ceased in the central-western Coral Sea by late February. The average spawning frequency of female yellowfin in the western Coral Sea was once every 1.54 days. Significant differences in spawning frequency were found between different size classes of yellowfin; larger fish spawned more frequently. The determination of spawning frequency should also take into account longline fishing strategies because it is likely that spawning frequency affected by fish size and samples will determine whether they will be caught within or outside the spawning ground (Davis and Farley 2001) . Yellowfin are multiple spawners and spawn every few days over the spawning period (Suzuki 1994 ). They spawn 6-7 batches of eggs during the spawning period in the western Indian Ocean. Sexual activity occurs during the months of November to February, while inactivity lasted from June to September. The estimated counts of hydrated oocytes of yellowfin in the eastern Indian Ocean varied from 0.3 to 5.3 million oocytes, while the average diameter of oocytes was found to be 0.56 mm (Nootmorn et al. 2005) . The average relative fecundity was 404048 eggs per kg body weight in striped bonito (S. orientalis) in Indian waters observed by Sivadas et al. (2012) . Relative fecundity varied from 293793 to 696512 for fishes between 39 and 52 cm FL. Fecundity of dominant species caught from the Indian Ocean water is given in Table 5 .
Biological reference points
The biological reference point (BRP) often reflects the combination of several components of stock dynamics (recruitment, growth and mortality, usually including fishing mortality) into a single index. The index is usually expressed as an associated fishing mortality rate or a biomass level. Fisheries scientists have developed a series of BRP that may be used as thresholds or targets for management (Mace 1994) . These thresholds or targets may be expressed as fishing mortality rates (F) or biomass levels (B). BRP are based on three kinds of analyses: Yield per Recruit (YPR), Stock-Recruitment (S-R), and Spawning Stock Biomass per Recruit (SPR). F 0.1 and F MAX are often used as targets in fisheries management, although for some stocks F MAX might better be used as a threshold (not to be exceeded) (Mace 1994) .
The estimate of bigeye tuna MSY ranges from 103000 to 114000 tonnes, the ratio of F current /F MSY is estimated to be less than 1.0 (0.67 to 0.79, depending on the assessment), indicating that overshing is not occurring. The ratio of spawning biomass B current /B MSY is greater than or close to 1.0 (1.0 to 1.2, depending on the assessment), indicating that the stock is not in an overshed state (ISSF 2012) .
The median estimate of yellowfin MSY is estimated to be 357,000 tonnes (range: 290000 to 435000 t). The ratio of A stock assessment of skipjack was conducted for the rst time in 2011. The median estimate of MSY is estimated to be 564000 tonnes (range: 395000 to 843000 t). The ratio of F current /F MSY is estimated to be less than 1.0 (the ratio of catch to MSY, used as a proxy for F current /F MSY , is estimated to be 0.81). Therefore, overshing is not occurring. The stock is not in an overshed state as spawning biomass is above the B MSY level (B current /B MSY = 2.56; Range: 1.09-5.83). In 2011, the SC recommended that catches not exceed 512300 tonnes, the average (ISSF 2012 .
In 2011, the SC conducted a formal stock assessment of the albacore stock for the rst time. The conclusions from the assessment are more pessimistic than what was previously believed on the basis of preliminary analyses that had been conducted in 2008. The ratio of F current /F MSY is estimated to be 1.61 (range: 1.19-2.22). Therefore, overshing is occurring. Piracy in the western tropical Indian Ocean has displaced much of the longline fishing effort to the South and East, which are traditional fishing grounds for albacore. Albacore catches in 2010 were 66% higher than in 2003. The stock is in an overshed state as spawning biomass is below the B MSY level (B current /B MSY = 0.89; Range: 0.65-1.12). The median estimate of MSY is estimated to be 29900 tonnes (range: 21500 to 33100 t). It is concluded that the available evidence indicates considerable risk to the stock status at current effort levels (ISSF 2012).
Conservation and Management
Tunas are like any other renewable living resource; the rate at which they are harvested affects their abundance and their ability to sustain various levels of exploitation. As fishing pressure for tuna increases on a global scale, management and conservation measures are essential if the populations of tunas are to remain at desired levels of abundance. However, the management of tunas is complicated by their migratory nature, and calls for special cooperation among nations, since no one nation can manage tuna effectively. This is reflected in Article 64 of the United Nations Convention on the Law of the Sea, which calls on States to co-operate directly or through appropriate international organizations to ensure the conservation of highly-migratory species. The socio-economic importance of tunas and billfishes coupled with the global spread of industrialized fishing has led to the reduction of global stocks to dangerously low levels (Safina 1998) . Recent analyses suggest that large, predatory fishes have declined more than 90% globally in the past 50 years (Myers and Worm 2003; , raising concerns regarding the future of many species. This is particularly troubling, as any ecosystem-wide effect is bound to be widespread and likely irreversible due to the global nature of the decline (Myers and Worm 2003) .
Maritime countries engaged in fishing tuna and tuna like species cooperate regarding conservation and fisheries management within several international frame works (FAO 1994; Marashi 1996) . Currently there are five regional fisheries management organizations (RFMOs) dedicated to the conservation and management of tunas viz; (the InterAmerican Tropical Tuna Commission (IATTC), the Western and Central Pacific Fisheries Commission (WCPFC), the International Commission for the Conservation of Atlantic Tunas (ICCAT), the Indian Ocean Tuna Commission (IOTC), and the Commission for the Conservation of Southern Bluefin Tuna (CCSBT)), whose common objective is to maintain the populations at or above levels of abundance that can support the maximum sustainable yield (MSY). However, as demand for tuna continues to rise, and with it the levels of exploitation, these organizations find it ever more difficult to reach agreement on the implementation of effective management measures. Cooperation must also extend beyond the scale of single oceans. Industrial tuna fleets are highly mobile and in the principle market tunas are intensively traded on a global scale. In addition many tuna research, conservation and management problems are similar in all oceans. Therefore, there is a need for exchange of information and collaboration on a global scale regarding fisheries for tunas and other species with wide global distribution.
Major issues in tuna fishery in Indian Ocean
Tuna is an important but not well managed fishery in the Indian Ocean. The evolution of tuna longline fisheries in all oceans has changed fishing strategies as different species have been targeted. These tactics increase the use of longliners, simultaneously making the stock seem bigger but damaging the fish's breeding capacity (Botsford et al. 1997 ). The present study represents an attempt to generate the main fishery interactions issues in the Indian Ocean as they appear on the basis of the present knowledge we have of the fisheries for tuna and tuna-like species. Severe overfishing leads to species ecological extinction because overfished populations no longer interact significantly with other species in the community (Jackson et al. 2001) . Periodic reassessment of the tuna potential is also required with adequate inputs from exploratory surveys as well as commercial landings and this may prevent any unsustainable trends in the development of the tuna fishing industry in the Indian Ocean.
As many fisheries in the region continue to be open access, i.e. no effective controls are in place to limit the growth of fishing capacity and fishing efforts or to limit catches through a quota regime, the high resource rent potential manifests itself initially in high returns to the owners of fishing vessels. This high profitability attracts new entrants into the fisheries as well inciting current operators to invest in technological improvements of fishing craft and gear, causing the fishing power to augment. The capacity and effort of expanding investments commonly continue to take place until the time when the fishery becomes unprofitable and crew incomes have dropped to a low level.
The economic incentive regarding fisheries resources to be found in these deeper waters, combined with insufficient monitoring, control and surveillance of fishing activities has led to a proliferation of Illegal, Unregulated and Unreported fishing (IUU). IUU fishing activities are now one of the biggest threats to Indian Ocean resources and ecosystems. However, IUU fishing is a pervasive problem in many of the world's oceans (Edson 1996) . Whereas IUU fishing occurs, or has the potential to occur, in all captured fisheries, both in marine and inland waters, it has raised particular concern with regard to fisheries on the high seas for highly migratory and straddling fish stocks as well as pure highseas stocks, i.e. fishery resources whose entire life cycle is within waters outside of national jurisdictions (Doulman 2000) . The IOTC estimated that, in 1996, IUU fishing amounted to nearly 100,000 t in the Indian Ocean, i.e., 10 per cent of all reported landings of tuna and tuna-like species. It is estimated that the lower and upper estimates of the total value of current IUU losses worldwide are between $10 billion and $23.5 billion annually, representing between 11 and 26 million tonnes in fish catch.
The Indian Ocean Tuna Commission (IOTC), responsible for the management of tuna and tuna like fishes of the Indian Ocean, began operations in 1996. Data are provided by member countries, and scientific investigations are coordinated through a scientific committee, comprised of scientists from member countries. There are a number of important issues that the IOTC will need to address if the tuna and bycatch species are to be managed effectively. The present study represents an attempt to examine the main fishery interaction concerned with the tuna fisheries issues in the Indian Ocean as well as the Indian seas. These include, (i) lack of reliable information on the status of stock position of tunas, (ii) lack of information on tuna migration, (iii) lack of trained man power in manning tuna longliners and high sea purseiners (iv) investors are reluctant to invest in high sea tuna fishing as they are still not convinced whether it is a profitable venture (v) permitting foreign tuna fishing vessels to operate in the Indian Ocean countries under the LOP (vi) fisherman are not familiar with the modern post-harvest handling procedures for high priced Sashimi grade tuna, (vii) countries yet to develop satellite based PFZ advisories for oceanic tuna to help tuna vessel operators to save energy and scouting time, (viii) no proper deep sea fishing policy/ guidelines, (ix) The El Nino Southern Oscillation (ENSO) phenomenon is considered the main cause for inter annual climatic variability around the globe. There is a lack of studies on oceanographic environmental parameters variability during extreme climatic events (El Nino and La Nina) and its relationship with tuna catch in Indian Ocean. We have presented major issues responsible for declines in many coastal and oceanic tunas over a short period. Our results indicate that tuna should be given serious attention similar to that given to other threatened large marine predators.
Fishing capacity: Studies have indicated overcapacity exists in the purse-seine fishery in the Indian Ocean. In an effort to address this problem, several measures have been approved calling on states to not exceed the number of vessels they had fishing at earlier times, but they have had limited success in controlling fleet growth (ISSF 2011) .
Compliance: The IOTC has implemented a number of measures to improve compliance with conservation measures. However, many of the nations do not provide the information needed to monitor compliance.
Database: The IOTC lacks catch-statistical data for some of the important fisheries in the Indian Ocean, which hinders its ability to make comprehensive stock assessments, timely conservation and management recommendations, and to monitor compliance. Data on discards and bycatches are also lacking.
IUU fishing: The IOTC has introduced a number of measures to control IUU fishing, but few of these have been implemented by member nations.
Insufficient financial resources: Field research is needed to improve estimates of vital parameters for tunas, such as the rates of natural mortality, fishing mortality, migration, and mixing. Large-scale tagging programs are useful for this, but they are costly. The IOTC budget is insufficient for such programs, so there is a strong need to seek funding from other sources.
Bycatches: The very complex issue of bycatches in fishery is of great concern to governments and stakeholders. Any measures to deal with this issue must be based on sound science if they are to be effective in reducing bycatches and maintaining sustainable fisheries (ISSF 2011) . Obtaining the data needed to quantify the impact of bycatches on the various species will entail expanding observer programs to longline fleets, and require scientific studies of the ecosystem to which the bycatch species and tunas belong and research into the development of fishing gear and technology that will allow the target species to be caught without harming the bycatch species. All of this will require considerable resources, both human and financial. There are several questions that need to be considered under this heading. a) What are the levels of populations? Are the populations increasing, remaining stable, or decreasing? b) Are any of the populations in danger of extinction?
Tuna fishery management approaches
Virtually all human activities have some impact on the ecosystem in which they take place, and fishing is no exception. Management strategies must be adopted for Indian Ocean Tuna stocks (ISSF 2011 (ISSF , 2012 .
These strategies should include the following elements a. Species-specific management objectives; procedures for data collection, verification and analysis.
b. Precautionary limit and target reference points reflecting international best practice; where necessary, rebuilding programmes aimed at returning stocks to sustainable levels within biologically reasonable time-frames.
c. The harvest is managed in a way that avoids, or at least minimizes, the loss of genetic diversity;
d. The waste of resources is kept at a minimum -low [by catch of target species/catch] ratio; e. The use of the energy by the vessels is minimized -low [energy use/catch] ratio; f. The gear used is the best to harvest the resource with the least impact on the habitat -low [habitat damage/catch] ratio.
From the ecological point of view, a fishery should operate in such a way that it meets or approaches the conditions stated before. This view does not include economic or social considerations, which may also be important to humans. For example, yields less than the maximum possible may be preferable if the value of this fish caught or the employment of fisher's increases, but larger catches increase employment in the processing plants (Hall 1998) .
By catch management
Bycatch of juvenile tunas and unmarketable species and size groups of other fish in purse seine fisheries, and juvenile swordfish in longline fisheries, contributes to the overexploitation of some stocks, and is an allocation issue. There has been substantial progress in identifying gear technology solutions to seabird and sea turtle bycatch on longlines and to direct dolphin mortality in purse seines (Gilman 2011) . The magnitude of incidentally caught species (by-catch), their discards as well as catch of small individuals of target species and the status of stocks of the by-catch species have been another area of concern (Alverson et al. 1994; Hall 1998) . Generally, by-catches of tuna fisheries are relatively low. However, they include species of dolphins, turtles, seabirds and sharks, which receive particularly high attention from the international community. In future, a greater utilization of by-catch species may be expected. (1) Fishing may become more selective through gear modifications and changes in fishing areas and seasons. Also, more research is likely to be undertaken to determine the status of stocks of species incidentally caught. (2) Conservation and management measures for sharks must be reviewed to ensure that they are comprehensive; that they provide specific protection to the most vulnerable species and that the ratios of fins to carcass weight are meaningful. (3) Bycatch mitigation measures for seabirds should be based on the current best practice approach adopted by the IOTC 2010. (4) IOTC members must continue research to confirm the effectiveness of sea turtle mitigation measures, taking into account the impact of such measures on the catch of other species.
Structure and process
The structure and charter of advisory bodies must reflect the adoption of an ecosystem approach to management. Decision-making processes of the Commissions must be reviewed to maximize the likelihood that appropriate conservation and management measures will be agreed and adhered to. The basis upon which fishing rights will be allocated amongst members and co-operating non-members and a process for accommodating the interests of new members must be developed as a priority. Mechanisms to maximize opportunities for sharing of data and research and for harmonization of conservation and management measures across IOTCs must be formalized and improved. Documentation schemes for tuna must cover all components of the catch rather than only product entering international trade.
Tuna fisheries management to date has often been ineffective, it focus on maximizing the catch of a single target species and often ignores habitat, predators and prey of the target species and other ecosystem components and interaction. To address the critical need for more effective and holistic management approach a variety of advisory panels have recommended ecosystem considerations be considered broadly and consistently in managing sustainable fisheries. The overall objective of conservation and management approach is to sustain healthy marine ecosystem and the fisheries.
In particular tuna conservation and fishery management should include the following (a) early warning signs of pressure on the stock of major species -albacore, bigeye and yellowfin catches should not exceed the MSY level, (b) high seas drift gillnetting should be banned and FAD associated -fishing should be regulated, (c) annual species -wise stock assessment to be made, (d) the number of hooks and length of line to be regulated in longline fishing, (e) introduction of large meshed purse-seine for high sea tuna fishing, (f) capture based culture of tuna should be regulated / banned, (g) countries operating their vessels under Letter of Permission (LOP) agreement for tuna fishing should report their catches to the native country, (h) Illegal unreported unregulated (IUU) fishing in Indian Ocean waters by other countries should be banned, (i) tagging experiments for skipjack and yellowfin in the Indian Ocean waters should be undertaken, (j) ensure constant supply of high quality raw material and enable optimum utilization of the capacity of Indian processing plants, (k) provide essential support for training and research, The development of new deep sea fishing policy will be a major step forward in efforts to halt the global decline of yellowfin, skipjack, albacore, bigeye and other tropical tuna species.
What can be done to improve stock assessment inputs to management?
i. Catch per unit effort series and other data · Increased scientific observer coverage will improve accuracy · Need to account for changes in species, size targeting · Need more scientific sampling to obtain more accurate estimates of growth and aging and expand tag release and recapture experiments should be increased · Need to explore interactions between seasonal migrations of tuna, stock structure and historic shifts in effort distribution ii. Need further research on · Decision rules for annual quota and other regulations · Improved spatial resolution in stock assessment models to account for seasonal migrations and stock mixing · Provide essential support for training and research of tuna scientists, more closely follow scientific advice. · Put more resources into enforcement and find ways to give industry incentives to harvest sustainably.
iii. Conservation, protection and sustainable management · Poverty alleviation and the provision of supplementary livelihood among municipal fisher folk, improvement of productivity of aquaculture within ecological limits; · Optimal utilization of off-shore, and deep-sea resources and upgrading of post-harvest and value addition technology. · Good networks and strong relationships with sellers and importers also play an important role.
Developing Indian Ocean states were rightly upset about the failure to pass this significant bycatch measure as it is a food security issue for them, if it is good enough for fisheries in the Atlantic Ocean, why isn't it good enough for fisheries in the Indian Ocean. Traditionally, the bulk of the albacore, bigeye, and yellowfin tuna catch have been taken by longliners targeting adults of the species. These fish attain very high prices on sashimi markets and despite declining stocks it remains profitable for operators to continue to fish. Lack of experienced labor for distant -water tuna vessel operation, high cost of production, increasing influence of imports on pricing of tuna in domestic markets, and a sharp decline in landings by its own feet.
Without adequate fisheries management, future catches of some species may decline in the long term due to over fishing. With the present status of stocks, the catches of principal market tunas should not increase on a global scale in the near future unless future technological developments will allow increasing catches of skipjack without increasing those of bigeye and yellowfin. Furthermore, previous studies (Worm et al. 2005) have indicated that species richness, when considered in conjunction with species density, finescale information regarding habitat use, spawning areas, migration patterns, and fishing mortality could be useful in identifying priority areas for marine conservation. We believe the fish are there and they will not stay permanently down, so when the preferred climatic conditions and temperatures improve they will move higher up where fisherman can catch them.
